ABSTRACT: Publications are an important tool to measure one's success and achievement in academia. They can help propel a career forward and move one into a position of leadership. The overall purpose of this study was to investigate changes in bibliometric variables, authorship, and collaboration trends in the Journal of Orthopaedic Research (JOR 1 ), since its inception in 1983. A bibliometric analysis was completed for all manuscripts meeting the inclusion criteria (638), which were published throughout the inaugural year plus one representative year of each decade. Several parameters were investigated including numbers of manuscripts, authors, collaborating institutions/countries, references, pages, and citations; region of origin and gender of authors over time and by region were main focuses. Significant increases over time were observed in all bibliometric variables analyzed except in the number of pages and citations. There was an approximate 27% point increase for both female first and corresponding authors from 1983 to 2015. While this is most likely due to the increase in the number of women that have entered the field over time, similar increases in the percentage of women holding positions on the JOR editorial board or in leadership positions within in the field may have also contributed to improvements in gender parity. Understanding changes in publishing characteristics over time, by region, and by gender are critical, especially with the rising demands of publishing in academia. JOR has seen increase in most variables analyzed, including improvements in authorship by women in the field of orthopaedic research. ß
The Orthopaedic Research Society (ORS) is one of the leading groups that supports and encourages research in orthopaedics and musculoskeletal disease. As the Journal of Orthopaedic Research (JOR 1 ) is the official journal of the ORS, we believed it would be appropriate to review authorship changes over the past 30 years in JOR 1 for many bibliometric variables, such as gender, number of authors, corresponding author position, collaboration between institutions and countries, manuscript length, number of references, and citations, and explore these variables between different regions of the world and over time. With the rising demands of publishing in academic medicine, understanding changes in publishing trends may provide insight as to successes over time and challenges that persist. As orthopaedics has traditionally been a male dominated field, one particular focus of this manuscript was on authorship gender.
According to the Global Gender Gap Report 2016, gender gaps have markedly decreased over the past 10-15 years. 1 Women have also made substantial progress in medicine, with nearly equal numbers of women, and men entering medical school in the United States. 1 However, progress remains slow as women are still underrepresented at the highest levels of leadership, with only 15% of academic department chairs and 16% of academic deans in 2014 being women. 2 Since 1983, ORS has had six female presidents (18%) compared to 27 male presidents (82%). Currently, 23% of ORS active members are women, and 40% of associate or in-training members are women (MAK personal communication, August 16, 2017 with ORS Membership and Affiliate Relations Specialist). With this in mind, we assessed the gender of the first and corresponding author, author gender over time, author gender across regions, and author gender across regions over time.
In addition to exploring gender-based authorship trends, we also examined how orthopaedic research is or is not growing in different regions of the world. To accomplish this, we assessed publications by region and publications by region over time. Further, we explored how collaborations have or have not grown within the orthopaedic research community. In general, collaboration in academic medicine has grown over the past 50 years. There has been an increased network of investigators from multiple institutions and across several disciplines in countries around the world that are now collaborating together on research. This is evidenced by the increase in multi-authored papers and an increase in the mean number of co-authors on papers recently published. 3 Additionally, there has been an increase in collaboration between authors of different countries over the past 10 years, which further contributes to the globalization of academic medicine. 4 We wished to determine if these trends held true for JOR. Here we used the number of institutions from which authors were affiliated, and the number of countries from which authors resided, as a proxy for the degree of collaboration. Finally, with increased collaboration/team science approaches along with the increasing importance of publications during all academic career stages, we expected to observe increases in the number of coauthors on each manuscript over time in JOR. Together, these represent several of the key authorship variables addressed in this manuscript.
METHODS Overview
This bibliometric analysis was performed using JOR 1 's published manuscripts from 1983 through 2015. We analyzed the first year of publication (1983) and 1 year from the middle of each decade (1985, 1995, 2005, and 2015) . Many demographic variables were analyzed including gender/number of authors, gender/position of corresponding author, geographic region of manuscript origin, number of pages, and references in the manuscript, and the number of times it had been cited. The number of times the manuscript was cited was divided by the number of years since the manuscript was published to give a normalized citation value.
Data Collection Procedure
Data were collected in a manner similar to that described by other investigators. [5] [6] [7] [8] [9] [10] [11] [12] [13] In brief, data were collected at 10-year intervals working backwards from 2015, in addition to the 1983 inaugural year of JOR
1
. The year 2015 was designated as the starting year since it was the most recent year with complete PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) data as the data collection began in 2016. A PubMed search was done for the years 1983, 1985, 1995, 2005, and 2015 . Editorials, letters, and commentaries were excluded from the search, and the citations for the remaining entries were downloaded into EndNote X7 (Clarivate Analytics, Philadelphia, PA). Any entries that were published electronically in the desired year, but without an official publication date until the following year, were excluded. The collection was further reviewed to exclude all entries without authors, as well as those that were not original research (e.g., memorandums, meeting notes, and abstracts). The citation data was then exported into Microsoft Excel (Microsoft, Redmond, WA).
The full names of first and corresponding authors were collected, along with the country, and state or providence (for those in the United States or Canada), position of the corresponding author within the author list (e.g., 1,2,3. . .last author), number of references cited, manuscript length (total page number), and the number of times each manuscript had been cited were also collected. The manuscript citation number was obtained from a Scopus search during the month of December 2016 to prevent variability if conducted at separate times.
Author gender for the first and corresponding authors was determined using the method of Mimouni et al. 12 Briefly, "Baby Name Guesser" was used, which can be found at http://www.gpeters.com/names/baby-names.php. This program gives the most likely gender and a gender ratio by using the authors' first names. A ratio of 3.0 and above was considered to be correct. For any author having a ratio less than 3.0, an Internet search for the author's name was performed to assign a gender to complete the data. If such a search did not yield the author's gender, the entry was excluded for gender analyses (<0.1% excluded for both first and corresponding authors). Of note, there were only 13 manuscripts in which co-first authors were denoted and 21 manuscript in which co-corresponding authors were denoted. For these manuscripts all co-first and/or co-corresponding authors were identified as men or women and were included within our analyses.
Typically, the trainee or junior researcher may initially serve as first author, and then as they advance in their career move into the corresponding author position.
14 Therefore, we sought to determine whether women identified as first authors had at anytime by December 1, 2017 become corresponding authors (any publication). This was accomplished by completing a PubMed search in December 2017 for each of the female first authors and then manually examining each publication to determine whether they were listed as the corresponding author for any subsequent publications in which they were a co-author.
Countries were grouped into regions defined by the origin of the corresponding author. The United States and Canada were designated as North America. Mexico, along with Central America and South America, was designated as Latin America. Asia was defined as all Asian countries east of Turkey, including the Middle East, and Israel. The European continent including Russia and Turkey was designated as Europe. Although Turkey spans both Europe and Asia, we classified it as Europe, since it is a member of NATO and its most populous city, Istanbul (17 million), is on the European side. 15, 16 The other regions were Africa, and Australia/New Zealand.
Data for the gender and region of JOR 1 Editorial Board members (Editors, Associate Editors, and Editorial Board) for the same years was gathered, allowing us to compare gender and regional trends between the authors and the Editorial Board. Additionally, data for the gender of the ORS presidents over time was also collected.
Continuous data are reported as the mean AE1 standard deviation and discrete data are reported as frequencies and percentages. Analyses between groups of continuous data were performed using non-parametric tests due to the data not having normal distributions (Mann-Whitney U-2 groups; Kruskal-Wallis test-3 or more groups). Differences between groups of discrete data were analyzed by the Fisher's exact test (2 Â 2 tables) and the Pearson's x 2 test (greater than 2 Â 2 tables). Trends over time for 2 Â k tables were analyzed using the Cochran linear trend test. To assess the relationship between gender, time, and ORS presidents/ first authors/corresponding authors a three-way chi-square analysis or log-linear analysis for an A Â B Â C contingency table was completed.
For all statistical analyses a p < 0.05 was considered statistically significant. The majority of the statistical analyses were performed with Systat 10 software (Systat Software, Chicago, IL). The three-way chi-square analyses were completed using the Vassar application (http://vassarstats. net/abc ¼ application).
RESULTS
From the 5 years analyzed (1983, 1985, 1995, 2005, 2015) , a total of 638 articles met the inclusion criteria. Analysis by Region North America, Europe, Asia, and Australia/New Zealand were the regions included for this analysis. Latin America and Africa were excluded due to the small number of manuscripts from these regions during the analyzed years. Over the 5 years analyzed, North America contributed 63.1% of total manuscripts, Europe 20.1%, Asia 13.3%, and Australia/New Zealand 3.1%. Analysis of North America was divided into countries and even further into states/provinces. The United States contributed 91% of manuscripts from North America and Canada the remaining 9%. Within the United States, manuscripts primarily came from California (19%), New York (13%), Massachusetts (9%), Pennsylvania (9%), and Ohio (7%). The 128 manuscripts from Europe were primarily from Germany (25%), United Kingdom (22%), and Switzerland (8%), with all other countries contributing 5% or less of the manuscripts. Of the 94 manuscripts from Asia, the majority were from Japan (45%). Other Asian countries with large contributions included China (21%) and Taiwan (16%). All other Asian countries contributed less than 5% towards the total published manuscripts. All of the manuscripts from Australia/New Zealand originated from Australia. Figure 1 provides a visual representation of the contribution of manuscripts from North America, Europe, and Asia.
Analysis Over Time
The average number of authors increased from 3.7 AE 1.9 in 1983 to 6.9 AE 2.7 in 2015 (p < 10 Fig. 2D ). Of note, current author instructions limit manuscripts to 50 references. The number of citations normalized for the number of years since publication increased from 1.5 AE 1.6 in 1983 to 3.8 AE 3.6 in 2005, but decreased to 2.8 AE 3.3 in 2015 (p < 10
À6
, Fig. 2E ).
Analysis by Gender Over Time
For this analysis, 1983 had a small sample of only 19 manuscripts and all regions were combined. As shown in 
Analysis by Gender Across Regions
Over the entire time span, 23% of first authors were women and 15% of corresponding authors were women in North America. In Europe, these percentages were 28% and 27% respectively; in Asia, 13% and 13%; and in Australia/New Zealand 30% and 17%. These differences by region were borderline significant (p ¼ 0.046, Table 2 ).
Gender Changes Across Regions Over Time
Further analyses were performed to compare trends in author gender over time for the four major regions (Fig. 3) . In North America, there was a significant increase in the number of women as first authors over time (Cochran linear trend p < 10 À6 ) ( Figure 3A) , going from 0% in 1983 to 40.5% in 2015. Europe also saw a trend toward an increase in female first authors, although it was not found to be significant (Cochran linear trend p ¼ 0.15, Fig. 3A) . Asia showed no trend over time, and Australia/New Zealand had a small sample size and did not show a significant trend over time. Regarding corresponding author, there was a significant increase in female corresponding authors over time in North America (Cochran linear trend p ¼ 0.0002, Fig. 3B ), going from 0% in 1983 to 23.6% in 2015. Europe also demonstrated an increase in female corresponding authors over time (Cochran linear trend p ¼ 0.014, Fig. 3B) ; going from 0% to 37.9% in 2015. Asia and Australia/New Zealand showed no significant trend for corresponding author gender.
Comparison of Editorial Board and Authors
For this analysis we excluded the year 1983 due to the small numbers of sub groups. From 1985 through 2015 the percentage of female first author, corresponding author, and Editorial Board members increased, with a concomitant decrease in male first author, corresponding author, and Editorial Board members (Fig. 4A) . Although there were a few statistical differences between certain categories, the overall trends for all three groups are extremely similar. There were also differences in the Editorial Board membership and origin of the manuscripts by region (Fig. 4B) .
Comparison of ORS Presidents and Authors
For this analysis, we also excluded the year 1983 due to the small numbers of sub groups. During the 65 year history of ORS, six women have been president. The first female president served in 1996. The other five female presidents served in 1999, 2010, 2013, 2014, and 2018. Figure 5 shows the percentage ORS presidents which were women (10 years proceeding the year in which manuscripts were analyzed), as well as the percentage of first and corresponding authors which were women, over time. As shown in Figure 5 , the slope of the trend lines are fairly similar for the most recent 10 year interval, although the percentage of female ORS presidents initially lagged behind the percentage of female authors. Statistical analyses demonstrated a significant effect between all variables (p < 0.001) (ORS president/first author/corresponding author level, gender, and year). Between ORS president/first author/corresponding author level and gender there was a borderline effect (p ¼ 0.042). No significant effect was detected between ORS president/first author/corresponding author level and year (p ¼ 0.12). There was a significant increase in the number of female authors over time (p < 0.001).
DISCUSSION
The number of authors, corresponding author position, institutions, countries, and manuscripts has progressively increased since JOR 1 's inaugural year in 1983. The number of authors has likely increased due to increased scientific complexity as well as the need for more collaboration amongst authors. Authorship has become a currency for academic success and career development, and as such, there has become more incentive for authorship involvement at the undergraduate, graduate, and professional levels. 14, [17] [18] [19] [20] [21] [22] Multiple disciplines in the fields of science and medicine have come together to collaborate and provide their expertise to research projects due to an increased push for multidisciplinary healthcare. 23, 24 The significant increase observed in collaborations between different institutions and countries is likely due to advances in technology such as phone, email, and video conferencing, as geographical borders are no longer a major problem.
The number of publications has increased significantly over the years, which is likely due to growth and expansion of JOR 1 . Since the journal began in 1983, research in the United States and around the globe has seen increased funding and emphasis. [25] [26] [27] [28] [29] Researchers may be more productive, explaining the increase in publications between 1983 and 2015 in JOR 1 . Although all countries have increased output, the proportion of papers between the countries in the past 30 years has been vastly different. North America has produced almost triple the number of manuscripts compared to the other regions, and the United States accounts for 91% of the North American productivity. This may be expected as the JOR 1 is an American-based journal. Another possible explanation may be differences in regional economics. As an example, the United States has more institutions and spends more on research than any country in the world 30 ; therefore, it may be expected that the United States would contribute a majority 1983  5  95  0  100  1985  5  95  3  97  1995  18  72  15  85  2005  20  80  14  86  2015  34  66  27  73 JOR AUTHORSHIP TRENDS of research publications. Indeed, more research is being done in all fields and this holds true for medicine. 31 Further, for the United States, an Accreditation Council for Graduate Medical Education (ACGME) requirement of orthopaedic residency programs is that all residents must pursue scholarly activity, which can ultimately produce more publications. 32 Of note, the same requirement is held by the Royal College of Surgeons for Canadian orthopaedic surgery residents. 33 Within the United States, most of the papers were produced by institutions from the states California and New York. This is not unreasonable, as both of these states have the highest number of academic and research institutions within the United States, increasing their capacity for publication output.
34
It is, however, interesting to note, that for some regions, the percentage of manuscripts contributed from each region is similar to the percentage of ORS members from that region (Fig. 4C ). For others, there are differences. For example, approximately 63% of all JOR 1 manuscripts originated from North America and approximately 73% of ORS members reside in North America (ORS member, country of residence data was based on data as of November 1, 2017 , from the ORS Membership and Affiliate Relations Specialist). Similary, approximately 13% of JOR 1 manuscripts originated from Asia and 13% of ORS members reside in Asia. However, the percentage of manuscripts published from both Europe (20%) and Australia/New Zealand (3%) was higher than the number of ORS members from those regions, 12% and 2%, respectively. For both Latin America and Africa, very few manuscript originated from these regions and 1% of ORS members indicated they were from those regions. The country of residence for 6% of ORS members was unknown. When excluding Africa and Latin America due to the small numbers, the differences between the ORS membership region of origin and region of origin for JOR 1 manuscripts were statistically significant (p < 10 À6 ). However, the trend remained that ORS member residence corresponds with where JOR 1 manuscripts originate. This seems logical, and may suggest that increasing ORS membership in focused regions may increase contribution of manuscripts from those regions.
In academia, publications are a metric for success and overall standing. Over time, publications in peerreviewed, well-respected journals have an enormous impact on academic career development and advancement. 1, 14, [19] [20] [21] [22] 35 Another objective of this bibliometric analysis was to investigate how the push for gender equality has resulted in changes in gender proportion by using data collected from JOR 1 's published manuscripts from the past 30 years. It should be noted, that in this study gender was divided into two groups: Men and women. While we acknowledge that some people do not associate themselves with either of these two genders (for example, transgender), with the public data/tools available, we could only subdivide the data into men and women. With this in mind, there was a progressive and striking increase in first and corresponding female authors (>5-fold increase for women as either first and/or corresponding authors) between 1983 and 2015.
If we examine the percentage point increase over time we see that for JOR 1 , there was a 29 point increase in female first authors (from 5% to 34%) and JOR AUTHORSHIP TRENDS 3077 a 27 point increase in female corresponding authors (from 0% to 27%) from 1983 to 2015. JOR 1 has seen stronger improvements than all bone/orthopaedic journals for which similar data have been recently published. 13, [36] [37] [38] [39] Examination of data from the mid 1980s to 2015 from the Journal of Bone and Mineral Research shows a 12 point and 17 point increase in female first and corresponding authors, 13 Bone shows a 25 point and 14 point increase in female first and corresponding authors, 36 Journal of Pediatric Orthopaedics shows a 20 point and 12 point increase in female first and corresponding authors, 37 Spine shows a 0.9 and À0.3 point increase in women first and corresponding authors, 38 and Journal of Hand Surgery shows a 14 point increase in female first authors (corresponding author gender was not documented in that study). 39 That said the actual percentage of female first and corresponding authors for JOR 1 as of 2015 were 34% and 27%, respectively, which for first author is lower than that reported for both Journal of Bone and Mineral Research and Bone (48% each) and for corresponding author is lower than that reported for Bone (35%). 13, 36 If we expand these comparisons across other fields of academic medicine, there is more diversity in the years studied and the types of comparisons made. a woman, and there are currently 7 of 16 board members that are women, it appears that ORS is making good progress in closing the gender gap by providing key female role models in its leadership.
However, as shown by our study as well as others, a gender gap remains between women and men for first and senior authorship. 10, 13 Although our study does not explicitly demonstrate cause and effect, several important trends have been identified which may provide JOR 1 , ORS, and the orthopaedic field with strategies for further closing the gender gap. These are: (1) continue to increase participation of women in the field of orthopaedics (recruitment and retention); (2) continue to encourage senior females in the field to mentor/ sponsor/coach female trainees; (3) continue to encourage senior males in the field to mentor/sponsor/coach female trainees; and (4) continue to encourage women to serve in leadership roles within the field including on editorial boards, advisory boards, and as president to serve as role models for the younger generations.
As evidenced by this study, considerable progress has been made over the past 30 years in closing the gender gap in academic medicine, specifically in a field dominated primarily by men, such as orthopaedic surgery. There has also been increased collaboration and globalization over time. Our study shows promise for increased equality, collaboration, and productivity in orthopaedics and academic medicine for decades to come. 
AUTHORS' CONTRIBUTIONS

